Background: Malnutrition in hospitalised patients is associated with frequent complications and increased mortality. The present study aimed to determine the prevalence of abnormal nutritional status in patients aged over 65 years with a diagnosis of cardiovascular diseases and also to determine its relationship with the duration of hospitalisation and the incidence of complications over 3, 6 and 12 months of observation. A comparison was also made of diagnostic performance between the various classifications used to diagnose abnormal nutritional status. Methods: In total, 76 patients aged over 65 years with cardiovascular conditions were involved in the study. Abnormal nutritional status was identified on the basis of Mini-Nutritional Assessment-Short Form (MNA-SF) test results, laboratory tests and European Society for Clinical Nutrition and Metabolism (ESPEN) nutritional status assessment criteria. During 3, 6 and 12 months of observation, data were collected concerning the number of rehospitalisations and the presence of complications. Results: Abnormal nutritional status was reported in 78% of participants. Malnutrition, as diagnosed on the basis of laboratory findings and also on the basis of ESPEN criteria comprising the value of fat free mass index (FFMI), was significantly related to prolonged hospitalisation and an increased complication rate. The results of the MNA-SF test performed at baseline revealed no relationship with the incidence of complications during the first stage of the study. Conclusions: Abnormal nutritional status was a common phenomenon in the group of patients under investigation. The set of criteria for assessing the nutritional status that had the highest association with the duration of hospitalisation and the incidence of complications includes laboratory tests and ESPEN criteria comprising the value of FFMI.
Introduction
Changes in demographic structure in terms of increasing percentage of elderly people have been observed for over a decade in Poland. In 2010, the percentage of persons population aged over 65 years was approximately 14%. It is estimated that, by 2035, the elderly will constitute 23% of the population (1) (2) (3) . The prevalence of malnutrition increases with age. It has bee reported that unintended body mass loss occurs in 15%-20% of persons aged over 65 years, and undesirable changes in body composition (muscle mass loss with simultaneous adipose tissue quantity increase) occur in approximately 50% (4) (5) (6) (7) (8) (9) . Estimates indicated that the prevalence of protein-energy malnutrition is the most marked in elderly people subject to hospitalisation and may even reach 60% (10) . One group of patients who are at risk of malnutrition includes patients with the diagnosis of cardiovascular disease. Patients with chronic cardiac failure may develop cachexia resulting from a reduced supply and an increased expenditure of energy. Chronic venous flow stagnation is responsible for the impairment of digestion and absorption of nutrients, whereas an increased activity of the respiratory system and the cardiac muscle is responsible for increased energy expenditure (11) . Moreover, hypermetabolism caused by the activation of the immune system contributes to the development of cachexia, which leads to an excessive production of proinflammatory cytokines and the disruption of appetite regulation (12) . Malnutrition results in reduced body mass, reduced muscle strength and psychomotor capacity (13) . Cellular and humoral responses are impaired, which leads to an increased infection rate. Serum protein concentration decreases, translating into impaired wound healing and an increased risk of decubitus ulcers in bedridden patients. Nutritional deficiencies cause deficiency anaemias and the disruption of water and electrolyte balance. Additionally, patients present a worse response to treatment, complications are more common, and the risk of death increases (14) (15) (16) (17) . Consequently, being malnourished or at a nutritional risk is associated with an increased morbidity, mortality, hospital readmission rate and length of hospital stay, leading to a personal and economic burden, respectively, for patient and society (13) . A screening survey of more than 500 patients from the Netherlands showed that patients diagnosed with malnutrition stayed in hospital 1.4 days longer compared to those who were well nourished (18) . Moreover, a Polish study conducted among over 2500 hospitalised patients demonstrated that decreasing food supply was also connected with prolonged hospital stay; from 12 days on normal supply to almost 14 days on supply at a quarter of the usual supply. Moreover, patients who reported weight loss stayed in hospital on average 5 days longer compared to patients who did not report weight loss or declare its increase (19) . Numerous studies demonstrate that the results obtained during reliable nutritional assessment may constitute the predictors of an increased rate of complications and mortality (20) (21) (22) (23) (24) . Appropriate nutritional assessment requires the implementation of various methods and should be an important element of holistic geriatric assessment. The process of diagnosing malnutrition starts with a screening test performed on admission. In the case of elderly patients, Mini-Nutritional Assessment (MNA) scale or an abridged version (i.e. MNA-Short Form, MNA-SF; Nestl e Nutrition Institute, La Tour-dePeilz, Switzerland) is used (25, 26) . Moreover, anthropometric, biochemical and body composition tests are tools that facilitate the diagnosis of malnutrition (27) . In 2015, European Society for Clinical Nutrition and Metabolism (ESPEN) created a group of experts to determine a minimal set of criteria for diagnosing malnutrition that would be applicable regardless of a condition and its aetiology. According to ESPEN recommendations, patients at risk of malnutrition should be first identified with verified screening tools and assessed on their basis. Additionally, it was unanimously recognised that a body mass index (BMI) below 18.5 kg m À2 is sufficient to diagnose malnutrition. If, however, the BMI exceeds this value, one of two other equivalent methods of diagnosing malnutrition should be used. They require a combination of reported unintended weight loss and a simultaneous low value of at least one of the indices: BMI or fat free mass index (FFMI) (28) .
Study aim
The study aimed to determine the prevalence of abnormal nutritional status in patients aged over 65 years with cardiovascular diseases using various criteria of its diagnosis and also to determine its relationship with the duration of hospitalisation and the incidence of complications over 3, 6 and 12 months of observation. An additional objective was to compare the diagnostic performance between various classifications used to diagnose abnormal nutritional status.
Materials and methods
In 2016, a total of 76 consecutive patients (62 women and 14 men) aged over 65 years who were hospitalised at a geriatric ward of one of the hospitals in Warsaw were included in the study. All of them had been diagnosed with cardiovascular disease. Patients with hypertension as a sole cardiovascular condition, active neoplastic disease, acute gastrological and/or an infectious cause of hospitalisation, and patients with severe communication problems were excluded from the study. All research participants provided their written consent to participate in the study.
The study was divided into four stages:
• (29) . Moreover, the height of each patient was measured with SECA stadiometer and body composition analysis and body mass measurement were performed with TANITA analyser. (29) , laboratory test reference values and ESPEN nutritional status assessment criteria dating from 2015 (28) (Table 1 ). Subsequently, during the same stage of the study, based on medical documentation, the number of days of hospitalisation of the study group patients was recorded approximately 1 month after the nutritional assessment.
During subsequent stages (i.e. Stages 1, 2 and 3), the investigators contacted the study group patients via telephone to obtain information concerning the number of rehospitalisations, antibiotic treatment and the incidence of infections and other diseases (i.e. common colds, nonhealing wounds, dermal lesions, conjunctivitis, sinusitis, bronchitis, ear infections, acute gastrointestinal infections, fistulae, bacterial infections and viral infections). Moreover, during each stage (i.e. Stages 1, 2 and 3), an abridged version of MNA screening test (MNA-SF; Nestl e Nutrition Institute) (29) was conducted. In descriptive statistics for categorical variables, the number and percentage of occurrences were reported. The distribution of continuous variables was first evaluated with the Shapiro-Wilk test, and then the mean (SD) was reported in descriptive statistics for normally distributed variables; otherwise, the median and the 25th and 75th percentile (Q1 and Q3) were provided. Categorical variables were compared using Fisher's exact test if any cell in the contingency table was smaller than 5; otherwise, Pearson's chi-squared contingency table test was used. Distributions of continuous variables in groups were compared using Student's t-test, one-way analysis of variance (ANOVA), the Mann-Whitney test or the Kruskal-Wallis test. If a variable was normally distributed in each group and two groups were compared, Student's t-test was used. If the variable was normally distributed in each group and more than two groups were compared, one-way ANOVA was used. Otherwise, if the variable was non-normally distributed in any of the groups, the Mann-Whitney test in the case of two groups and the Kruskal-Wallis test in the case of more than two groups were used. P < 0.05 was considered statistically significant. Two-sided tests were used. In the case of prospective analyses, the relative risk (RR) values were calculated and in the case of retrospective analyses, the odds ratio (OR) values were computed; 95% confidence intervals for RR and OR were also estimated. Analysis was performed with R, version 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria).
Results
The average age of study group patients was 80 years, mean (SD) body mass was 70.4 (14) kg, body height was 161.2 (7.5) cm and BMI was 27.1 (5.0) kg m À2 . Table 2 presents detailed data concerning study group patients. Of the study group patients, 22.4% were qualified as normally nourished according to all the adopted criteria MNA-SF Nestl e Nutrition Institute (27) <12 points* ESPEN 1 BMI < 18.5 kg m À2 or unintended body mass loss (>5% within the last 3 months or > 10% within an unspecified time frame) and BMI < 20 kg m À2 for subjects <70 years; BMI < 22 kg m À2 for subjects > 70 years ESPEN 2 BMI < 18.5 kg m À2 or unintended body mass loss (> 5% within the last 3 months or >10% within an unspecified time frame) and FFMI < 15 kg m À2 for women; FFMI < 17 kg m À2 for men Alb and/or TLC Serum albumin < 3.5 g dL À1 and/or total lymphocyte count (TLC) < 1500 mm À ³ of blood *MNA-SF Nestl e Nutrition Institute (27) . (A) Has food intake declined over the past 3 months because of a loss of appetite, digestive problems, chewing or swallowing difficulties? 0 = severe decrease in food intake; 1 = moderate decrease in food intake; and 2 = no decrease in food intake. (B) Weight loss during the last 3 months: 0 = weight loss greater than 3 kg (6.6 lbs); 1 = does not know; 2 = weight loss between 1 and 3 kg (2.2 and 6.6 lbs); and 3 = no weight loss. Table 3) . Table 4 presents the results of statistical analysis of the relationship between the nutritional status of study group patients assessed during Stage 0 and the duration of hospitalisation, and the complications occurring during the subsequent 3, 6 and 12 months (i.e. declared at the Stages 1, 2 and 3). The results of laboratory tests (Alb and/or TLC) and ESPEN 2 criteria were associated with the duration of hospitalisation, which was 2 and 4 days longer in malnourished patients, respectively. Moreover, in the case of laboratory test results (Alb and/or TLC), a statistically significant association was revealed with all of the analysed variables at every stage of the study.
The results of MNA-SF test performed at baseline revealed no association with the incidence of complications during the first stage of the study (within the first 3 months). However, during Stage 3 (after 12 months), all of the reported associations were statistically significant. Regarding the criteria of nutritional status assessment proposed by ESPEN, more statistically significant relationships were observed in the case of ESPEN 2 criteria (Table 4) .
The analysis of the MNA-SF test results conducted during subsequent stages of the study demonstrated that the most marked relationship is observable in connection with the frequency of hospitalisation and complications occurring over 3 months before the test; all of the reported associations were statistically significant (Table 5) . During three subsequent stages of the study, when asked about infections and other diseases, patients most commonly reported the incidence of common colds and bacterial infections.
Discussion
An assessment of nutritional status aims to identify malnourished patients or patients who are at risk of malnutrition as a result of these patients being exposed to health complications. Therefore, one of the main objectives of the present study was to indicate a set of criteria for assessing nutritional status that has the highest association relative to the duration of hospitalisation and the occurrence of the complications, without indicating the classification that has been recognised as a gold standard by the majority of experts.
Abnormal nutritional status diagnosed with MNA-SF test was reported in more than 70% of patients. The . Alb, albumin; BMI, body mass index; FFMI, fat free mass index; IQR, interquartile range; NS, not significant; TLC, total lymphocyte count.
percentage of patients with abnormal nutritional status diagnosed with the use of other criteria (i.e. ESPEN 1, ESPEN 2 and Alb and/or TLC) was lower and the respective results were approximately 17%, 35% and 54%. Similar results were obtained in a Portuguese study by Antunes et al. (30) , who reported abnormal nutritional status in approximately 60% of 201 elderly patients (59% of females and 41% of males) diagnosed via an MNA-SF test. An Irish study by O'Shea et al. (31) conducted among 606 patients (51% of females and 49% of males) aged over 70 years with the same test showed that 45% of the participants were at risk of malnutrition and 18% were malnourished. Orlandoni et al.
(32) reported a slightly lower result obtained on the basis of ESPEN criteria in a group of elderly patients (n = 284, 51% of females and 49% of males), where malnutrition was reported in approximately 25% of participants. It is worth noting that, as a result of the paucity of data regarding the level of FFMI, the assessment was made on the basis of the criterion that includes a low BMI value together with the presence of unintended body mass loss (referred to as ESPEN 1 in the present study). Moreover, slightly lower results compared to the present study were obtained in a Singaporean study by Pin Ng et al. (33) , where, among 1550 patients (62% of females and 38% of males) older than 55 years, malnutrition was reported in approximately 35% of patients diagnosed on the basis of serum Alb concentration and in 5% on the basis of TLC.
In the present study, abnormal nutritional status was most commonly diagnosed on the basis of the MNA-SF screening test and laboratory test results (Alb and/or TLC). The implementation of such criteria guarantees a low risk of overlooking the described disorders, because there is a high probability that a negative result translates into normal nutritional status. However, it should be emphasised that it is usually associated with an increased probability of obtaining a positive result in a normally nourished patient (a false-positive result) (34) , which may be corroborated by the fact that MNA-SF test results were found to be unrelated to the duration of hospitalisation and the incidence of complications over 3 months after the test. Similar results were obtained in a study by Raslan et al. (35) , where abnormal nutritional status was reported in approximately 75% of 705 patients (55% of females and 45% of males) with an average age over 55 years based on MNA-SF test, which comprised the highest result compared to other screening tests conducted (i.e. NRS 2002 and MUST). However, no association was found between the result and the duration of hospitalisation and the risk of complications that followed, whereas the relationships were stronger in the case of tools other than the MNA-SF test. It is worth noting that the present study revealed a significant association between a low score in the MNA-SF test conducted at baseline and the frequency of rehospitalisations and complications during Stage 3 of the study (over the last 3 months of the observation). In turn, this may suggest that the consequences of an abnormal nutritional condition recognised by the tool under consideration occurs at a much later stage. This may be explained by the MNA-SF test including, inter alia, existing mobility difficulties and neuropsychological disorders, which are probably associated with the risk of later complications. A detailed analysis of obtained results suggests that the MNA-SF test results reveal the strongest relationship with earlier complications and are most probably dependent on them. Further research in this area is required.
In the case of laboratory tests results (Alb and/or TLC), their abnormal values were associated with a longer hospitalisation and also with an increased incidence of all of the analysed events at every stage of the study (i.e. after 3, 6 and 12 months after the diagnosis of abnormal nutritional status). Similar results were obtained in other studies, such as as that by Herrmann et al. (36) , who demonstrated that, among 15 511 patients (54% of females and 46% of males) older than 40 years, hypoalbuminaemia was highly related to the duration of hospitalisation, mortality and rehospitalisations (i.e. the tendency increased with age). However, in a study by Niwano (37) , the values of serum Alb concentration and total lymphocyte count were helpful in the determination of the prognosis in 592 (61% of females and 39% of males) geriatric patients. This may be related to the fact that biochemical deviations probably appear over the more advanced phase of insufficient nutrition and indicate deeper decompensation, which may be associated with more severe metabolic disorders, resulting in a worse clinical condition and longer hospitalisation (13, 16) . Moreover, it should be emphasised that the investigated biochemical indices may be a result not only of malnutrition, but also other factors, mainly associated with disease progression (12) . In addition, their relationship with the duration of hospitalisation may result from delaying hospital discharge until a patient's laboratory test results improve.
The analysis of the results of research concerning diagnostic criteria proposed by ESPEN in 2015 showed that the criteria that include abnormal values of FFMI (ESPEN 2) are more effective than criteria referring to BMI values (ESPEN 1) in the diagnosis of abnormal nutritional status in the group of patients in the present study. Understandably, a reduced muscle mass (sarcopenia) with a simultaneous increase in the amount of adipose tissue with a resultant unchanged (or even increased) body mass is commonly observed in the elderly. Such a problem may be observed in 50% of the population of patients aged over 80 years (7) (8) (9) . Moreover, it was noted that the confirmation of an abnormal nutritional status with ESPEN 2 criteria has a higher association with the duration of hospitalisation of patients and the frequency of rehospitalisations, as well as with the incidence of complications at every stage of the study, especially after 6 and 12 months of observation compared to ESPEN 1 criteria. Similar results were obtained by Kyle et al. (38) who reported that, among 1707 patients (47.8% of females and 52.2% of males), reduced FFMI was associated with a higher occurrence of post-operative infections and a longer period of hospitalisations among patients admitted for an elective cardiac surgery.
To our knowledge, the present study is one of the first to analyse the clinical value of various criteria of the diagnosis of abnormal nutritional status in the light of the new ESPEN definition for malnutrition. However, some limitations need to be kept in mind when interpreting the data. First, the generalisability of the findings may be limited by the study population chosen and the study group included. People with severe communication problems, as well as acute or chronic confusion, were excluded because the research could only be completed when a patient was able to communicate or corroborate. It is possible that those excluded were more likely to be nutritionally at risk. Moreover, there was a prevalence of females (82%) in the study group; consequently, this may result in difficulties with respect to relating the results obtained to those of the general elderly population. Another important limitation is the absence of multivariate analysis to determine the independence of the association between malnutrition and the selected outcomes.
Conclusions
• Abnormal nutritional status is a common phenomenon in hospitalised patients aged over 65 years with a diagnosis of cardiovascular disease.
• The largest group of patients was recognised as those individuals with abnormal nutritional status based upon the two classification criteria: screening assessment of nutritional status (MNA-SF) and laboratory tests results (Alb and/or TLC). ESPEN criteria, including BMI values, as a result of unfavourable changes occurring in body composition in elderly people, are the least useful for the assessment of nutritional status in patients within this age group.
• The set of criteria for assessing nutritional status most related to the duration of hospitalisation and the incidence of complications includes laboratory tests (Alb and/or TLC) and ESPEN criteria comprising the value of FFMI.
• The results of nutritional status assessment with MNA-SF questionnaire are strongly related to the incidence of complications, predominantly over the last 3 months prior to assessment. The results of analyses concerning their relationship with a later onset of complications are contradictory. Therefore, it is necessary to conduct further research in this area.
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